(1.1) Proposition Letf :K !L be a morphism of twisted tensor products. Assume thatK andL are bounded from below. Then the following statements are equivalent:
(ã)f is a homotopy equivalence in the category gS-Mod of di erential graded S-modules Since the di erential~ of a twisted tensor productK = S~ K is S-linear, it is determined by the k-linear restriction~ j K : K = 1 K S~ K ! S~ K. where the sum for a xed s 2 M(S) is taken over all product decompositions of s into two factors, in particular
Let H(K) denote the homology of K with respect to the di erential 1 = id k S~ .
(1.2) Proposition LetK = S~ K be a twisted tensor product, bounded from below. There exists a di erential H on S H(K), which gives a twisted tensor product structure S~ H(K) , called minimal Hirsch-Brown model, such that id k S~ H 0, and S~ K and S~ H(K) are homotopy equivalent in gS-Mod. By these properties S~ H(K) is uniquely determined up to isomorphism in gS-Mod.
The di erential~ H can be given bỹ
where ] denotes the class in H(K) of a cycle in K with respect to the di erential 1 ;`(s) denotes the length of s 2 M(S) as a product. We can now apply the above results to obtain a variant of Conjecture (13.9) in GKM]. Using the notation of GKM], let N 2 D + ( ) , where D + ( ) is the derived (with respect to quasiisomorphism) category of the homotopy category of di erential graded -modules, which are bounded from below; is the exterior algebra on a graded vector space P = j>0 P j with P 2j = 0 for all j. ( n , but this 7 does not hold for r > 1. In fact, for the example below, which shows that Conjecture (13.9) in its original form does not hold, this failure is an essential point.
(2.3) Example Let r = 2; S = Q 1 ; 2 ]; H a Q-vector space with basis fa; b; u; vg; jaj = 2; jbj = 4; jnj = jvj = 5. We de ne two di erentials on S H , i.e. two objects M 1 ; M 2 2 D + (S), such that the respective cohomology algebras are not isomorphic, but the \higher cohomology operations" in the sense of GKM] coincide. Since, by Koszul duality, M i 2 D + (S) can be considered as t(N i ) for N i 2 D + ( ) and H(N i ) = H, this shows that Conjecture (13.9) in its original form does not hold.
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The non-zero terms of the di erential~ j H are given by: Note that while M 1 = t(H) for an appropriate action of on H, it is not possible to get M 2 as t(H) for H equipped with a graded -module structure.
